Purpose: It is unclear how much physical activity people living with HIV (PLWH) engage in. We conducted a meta-analysis to investigate physical activity levels and its predictors in PLWH.
Introduction
People living with HIV (PLWH) have higher levels of morbidity and mortality than the general population. The non-AIDS related mortality rates are largely attributable to cardiovascular disease [1] .
In the general population there is evidence that physical activity and exercise are broadly as effective as pharmacological interventions in preventing cardiovascular disease and premature mortality [2] . In the last decade, several systematic reviews and/or meta-analyses [3] [4] [5] [6] [7] [8] have considered physical activity as a therapeutic intervention concluding that it improves the body composition, muscle strength, aerobic fitness, and quality of life.
Despite the benefits of an active lifestyle, PLWH experience a range of barriers towards engaging in physical activity, such as side-effects of antiviral therapy, depression, bodily pain, and the presence of opportunistic infections [9] . Facilitators of physical activity include a higher cardiorespiratory fitness level, a higher self-efficacy, perceived benefits and greater motivation towards health improvement [9] . Given that an active lifestyle is related to lower cardiovascular disease risk, understanding physical activity levels among PLWH is critical to improving long-term health outcomes [10] .
Moreover, several important questions regarding the relationship between physical activity and HIV/AIDS remain unanswered. For instance, the exact levels of physical activity among PLWH has yet to be established. A systematic review of Schuelter-Trevisol and colleagues in 2012 indicated that there was too much heterogeneity in physical activity assessment and too limited data were available to make any firm conclusions [11] . It might be hypothesized that since 2012 a considerable number of papers have been published on physical activity levels in PLWH.
Along with obtaining an accurate estimate of the levels of PA among PLWH, understanding predictors of PA in this patient group is also of relevance for improving clinical practice, while providing a platform for future research endeavors. Next to this, it is of interest to explore whether geographical differences and differences between settings (e.g., outpatients, inpatients and community patients) in physical activity exist, as such differences might help researchers and clinicians to identify specific environmental factors (e.g. differences in health-related policies, available facilities, other lifestyle factors etc.) which may influence PA. Demographical predictors (age, gender, ethnicity, presence of co-morbidity, etc.) may also identify those at a higher risk for lower physical activity participation. In addition, it remains unclear if PLWH engage in more or less physical activity compared to the healthy population.
In order to address the current gaps in the literature, the primary aims of this systematic review and meta-analysis were to establish: (a) the pooled mean time spent physically active (light, moderate and vigorous and total physical activity, and number of steps per day), (b) the pooled percentage of people assigned to the low, moderate or highly physically active groups as defined by the widely used International Physical Activity Questionnaire (IPAQ) [12] , (c) the pooled percentage of people complying with the general health recommendation of at least 150min of moderate intensity physical activity per week, and (d) the pooled physical activity levels expressed as metabolic equivalent (MET) minutes per week taking into account established MET values for each activity level (i.e., walking: 3.3; moderate: 4.0; vigorous: 8.0). The secondary aims were to investigate predictors of physical activity using meta-regression analyses, and to explore differences in physical activity in PLWH versus the healthy population.
After removal of duplicates, two independent reviewers (DV and BS) screened titles and abstracts of all potentially eligible articles and a final list of included articles was reached through consensus. A third reviewer (JM) was available for mediation throughout this process.
Outcomes
The primary outcome was the mean time (minutes) per day that PLWH engaged in physical activity.
We collected separate data for light, moderate and vigorous intensity and total physical activity if these data were reported. Next to this, the percentage of people assigned to the low, moderate or highly physically active groups as defined by the widely used International Physical Activity Questionnaire [12] were pooled. Extracted as well were the percentage of people complying with the general health recommendation of at least 150min of moderate intensity physical activity per week and physical activity levels expressed as metabolic equivalent (MET) minutes per week taking into account established MET values for each activity level (i.e., walking: 3.3; moderate: 4.0; vigorous: 8.0). Finally, we also collected data on physical activity behavior among healthy controls (where reported).
Data Extraction
One author (DV) extracted data using a predetermined data extraction form, which was subsequently validated by a second author (BS). The data extracted included first author, geographical region, setting, participants included in the article (including mean age, % male, % White, % employed, mean HIV duration, mean body mass index, mean oxygen uptake, mean CD4+ count, mean HIV viral load, % with diabetes, % smoking), physical activity assessment method (objective or self-report), and the primary outcomes.
Meta-analysis
Due to the anticipated heterogeneity across studies, we conducted a random effects meta-analysis with Comprehensive Meta-Analysis software (CMA, Version 3). The meta-analysis was conducted in the following sequence. First, we calculated the mean amount of time (total and at light, moderate and high intensity) and median total time spent in physical activity per day together with the 95% confidence intervals (CI). Second, we calculated pooled percentage of people assigned to the low, moderate or highly physically active groups and the percentage of people complying with the general patients, mixed settings), mean age (years), % male, % White, % employed, mean HIV duration (years), mean body mass index (kg/m²), mean oxygen uptake (ml/min/kg), mean CD4+ count (cells/mm³), mean HIV viral load (log 10 copies/mL), % with diabetes, % smoking), and physical activity assessment method (objective vs self-report). Fourth, we conducted a comparative metaanalysis investigating differences in physical activity levels with healthy controls calculating Hedges' g and the 95% CI as the effect size. In addition, we calculated the mean difference in minutes per day together with the 95% CI in levels of physical activity behavior. Heterogeneity was assessed with the I² statistics for each analysis [16] . Publication bias was assessed with the Begg-Mazumdar Kendall's tau [17] . For all analyses we calculated the trim and fill adjusted analysis [18] to remove the most extreme small studies from the positive side of the funnel plot, and recalculated the effect size at each iteration, until the funnel plot was symmetric about the (new) effect size. 
Results

Search Results
The initial search yielded 13,340 results. After removal of duplicates and exclusion at the title/ abstract level, 74 abstracts were retrieved in full. At the full text review stage, 64 articles were considered and 40 were subsequently excluded (see figure 1 for search results). Full details of the 24 included studies are summarized in table 1.
Insert figure 1 about here
Study and Participants' Characteristics
Except for one randomized controlled trial [28] , all studies were cross-sectional. Ten studies reported physical activity levels for 2 subgroups, e.g. for men and women separately. Across the 24 unique studies, including 34 physical activity levels, there were 3,780 (2,471♂) PLWH. The mean age ranged from 37 to 58 years. The sample size ranged from 10 to 628. Fifteen physical activity levels were assessed in North-America, 6 in South-America, 6 in Africa, 3 in Europe, 2 in Asia (China) and 2 in Australia. Sixteen physical activity levels were assessed in an outpatient setting, 2 in an inpatient setting, and 14 in a community setting. Of studies reporting data, the % of White ethnicity ranged from 0 to 91.9% (N=8), the mean body mass index (BMI) from 22.9 to 36.6 (N=16), the cardiorespiratory fitness (maximal oxygen uptake) from 26.8 to 34.2 l/min/kg (N=3), the CD4+ count from 256 to 597 cells/mm³ (N=18), the viral load from 1.6 to 4.4 log 10 copies/mL (N=6), the HIV duration from 3.9 to 18.0 years (N=13), the % of people with diabetes from 0% to 26% (N=8), and the % of people smoking from 0% to 66% (N=13). Three studies reported general population control data. In total 695 (663♂) PLWH (mean age=47.5 years) were compared with 773 (743♂) age-and gender matched controls (mean age=49.9 years). Demographical and clinical data of the 24 studies including 34 physical activity levels are summarized in (after trim-and-fill adjustment) of moderate intensity physical activity. Also 3 studies (n=108) provided data on the time spent in light physical activity. Two studies [34, 37] including 3 physical activity levels (n=95) showed that PLWH spent a mean of 72.8 (95% CI= 34.9-110.7) minutes per day in light physical activity. Trim-and fill adjustment did not affect the estimate for light physical activity.
Insert table 3 about here
Meta-analysis of the Number of Steps per Day
Four studies [19, 26, 28, 36] including 7 physical activity levels reported the total number of steps walked per day in 202 PLWH (see Table 2 ). The trim-and fill adjusted number of steps per day was 5899 (95%CI=5678-6418).
Subgroup Analyses
Due to limited data, only geographical differences could be explored in subgroup analyses. Table 3 shows that the number of steps walked per day in North-American studies was not significantly different than in European studies (P=0.49).
Meta-regression Analyses
Separate single meta-regression analyses (see 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Meta-analysis of the % of People Assigned to the Low, Moderate or Highly Physically Active
IPAQ Groups
In total 5 studies [21-24,35] including 6 physical activity levels and involving 1,187 PLWH assigned participants to a category following the IPAQ recommendations: 31.9% (95% CI= 24.9-39.7%) was assigned to the 'low physical activity' category, 33% (95% CI= 26.2-40.7%) to the 'moderately physically active' category and 32.9% (95% CI= 23.4-44.0%) to the 'highly physically active' category.
Subgroup Analyses
As can be noticed in Table 3 , there were significant geographical differences, as well as significant differences between settings. Globally, more patients were assigned to the lower IPAQ category (P<0.001) and less to the highly physically active IPAQ category (P<0.001) in South-American participants, while significantly more community patients were assigned to the highly physically active IPAQ category compared with outpatients (P<0.001).
Meta-regression Analyses
Separate single meta-regression analyses revealed that assignment to any IPAQ category was not moderated by gender (% male) and ethnicity (% White). In contrast, a higher mean age at study level moderated a lower assignment percentage to the moderately physically active group (β=-0.05, standard error (SE)=0.01, p<0.001; r²=1.0). There was a trend-level association for older age with lower assignment percentage to the highly physically active group (β=0.05, standard error (SE)=0.03, p=0.054; r²=0.35).
Meta-analysis of the Physical Activity Levels Expressed as Metabolic Equivalent (MET) Minutes per Week
There were insufficient data to pool and meta-analyze the data (N=1). The mean MET minutes per week was 1666.0.
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Subgroup Analyses
There was no difference in compliance with PA guidelines between different settings, geographical regions and assessment methods. Details can be found in table 3.
Meta-regression Analyses
Separate single meta-regression analyses revealed that age, gender and physical activity assessment method did not moderate the percentage of people adhering to the physical activity guidelines (see table 4 ).
Differences with Age-and Gender Matched General Population Controls
There were insufficient data to explore differences in physical activity behavior between PLWH and controls. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Discussion
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General Findings
The current study is, to our knowledge, the first to meta-analyze physical activity levels and its predictors in PLWH. We found that PLWH spent 98.9 (95% CI= 64. Knowledge about predictors of physical activity levels helps identifying high-risk persons in whom physical activity participation is reduced, and therefore may require more intense and targeted interventions. Our data indicate, albeit inconsistently, that across the different physical activity outcomes there are geographical differences. More research is however needed to clarify these differences and for example the role of different health policies on the level of physical activity in PLWH between different countries. Also differences between settings were inconsistent. The percentage of people assigned to the highly physically active IPAQ group was higher in community versus outpatients. A possible reason might be that outpatients might have more severe physical or
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Disability and Rehabilitation   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 psychiatric co-morbidities than community patients (who are not necessarily currently connected with a care setting). The lack of differences with inpatients might be due to the inclusion of physical activity interventions in the multidisciplinary inpatient care [46] . Meta-regression analyses demonstrated that a higher mean age at study level predicted lower levels of physical activity (e.g., number of steps per day), a relationship also seen in the general population [47] . These data point towards the need of considering in particular the lower levels of physical activity in older people with HIV. A previous 12-month randomized study of an education and home-based pedometer walking program in 84 older PLWH [28] demonstrated that such a program improves physical activity levels, and reduces the presence and severity of cardiovascular risk factors. For example, compared with controls, those in the walking intervention had better 6-minute walk test distance score (P=0.01), a more beneficial waist to hip ratio (P<0.001), lower blood glucose (P=0.001), and higher high-density lipoprotein (P= 0.01) levels over the 12-month period.
There were too limited data to explore whether moderate to vigorous physical activity as assessed by objective measures differed with self-report measures. Future research should explore whether the current physical activity questionnaires do accurately collate data on physical activity behavior in PLWH or whether they over-or underestimate physical activity participation in this at risk group. It might be hypothesized that cognitive deficits associated with PLWH may for example lead to recall bias and for example an overestimation within self-report measures. Since the introduction of combination antiretroviral therapy, the incidence of severe forms of HIV-associated neurocognitive impairment has declined significantly [29] . However, the prevalence of the milder forms which might influence recall of physical activity behaviors has increased [48] . Also, significant psychological distress and depression, which are more prevalent among PLWH [49] , may influence the ability to accurately respond to self-report questionnaires.
Limitations
Several limitations of this meta-analysis should be noted. Firstly, half of the included studies relied on data drawn from subjective rather than from objective assessment methods. Secondly, in the main analyses, we encountered high levels of heterogeneity. Whilst such heterogeneity is expected when combining observational data, this is a consideration when these main analyses are reviewed in isolation. However, we follow the MOOSE guidelines [13] to address this heterogeneity and we are 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 able to explain large portions of the heterogeneity with our subgroup and meta-regression analyses. In particular, it appears that age among participants explained over half of the heterogeneity observed (R²=0.57). Third, due to the relative paucity of data, some of the subgroup analyses (e.g., IPAQ categories) had relatively low numbers of studies. Therefore, some caution should be attached to such results and clearly future research is required to better understand such relationships. It is also important that future research should seek to investigate physical activity behavior in this vulnerable population compared with well-matched (age, gender and BMI) healthy controls. Finally, there was inadequate information on other lifestyle factors (such as smoking), side effects of antiviral therapy, immunity parameters and physical and psychiatric co-morbidities, thus precluding rigorous metaanalytical or meta-regression analyses. Future research is required to understand the impact of these clinical parameters on physical activity behavior in this population. Nevertheless, allowing for these caveats, the results provide important information for clinicians and researchers.
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In conclusion, our data show that a considerable proportion of PLWH are insufficiently physically active. Given that physical activity is an independent predictor of cardiovascular disease (a major contributing factor towards premature mortality in PLWH), future lifestyle interventions specifically targeting the prevention of physical inactivity in PLWH are warranted.
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